The literature in financial economics provides convincing evidence of retroactive timing of executive stock option grants (option "backdating"). However, the literature does not yet contain a methodology for detecting backdating at individual companies.
Introduction
Option backdating-the retroactive selection of grant dates for executive stock options in order to set favorable strike prices-is currently big news, with over 100 companies under investigation by the Securities and Exchange Commission (SEC).
1 Regulatory scrutiny of the timing of executive stock option grants was initially stimulated by a line of academic research that goes back to Yermack (1997) . In a sample of approximately 600 stock option grants from 1992 to 1994, Yermack found that the returns on the underlying stocks were normal in the period prior to the option grants but were abnormal (positive) in the period following option grants. After considering several possible explanations for these results, Yermack concluded that managers influenced compensation committees to award more options when they anticipated improvements in corporate performance. Lie (2005) examined a much larger sample of stock option grants from 1992 to 2002.
2 Like Yermack, he found abnormal returns in the period following option grants, but he also found abnormal (negative) returns in the period preceding option grants. In addition, Lie suggested a novel explanation for these findings, namely, that grant dates might have been selected retroactively, in light of observed (rather than anticipated) increases in underlying stock prices. Recently, Lie and Heron (forthcoming) report that evidence of abnormal returns around option grant dates declined sharply following the Sarbanes-Oxley Act, which mandated that grants be reported within two business days of the grant date. Thus, the academic research provides convincing evidence that backdating has indeed occurred.
The academic literature to date has addressed option backdating in the aggregate but not at the level of individual companies. However, earlier this year the Wall Street Journal (Forelle and Bandler, 2006) identified several companies for which there is a striking pattern of increases in the prices of underlying stocks immediately following option grants. The Wall Street Journal (WSJ) also reported eye-popping odds against these results having occurred by chance. For example, they reported that the odds that the returns on shares held by Jeffrey Rich, then CEO of Affiliated Computer Services, occurred by chance were only one in 300 billion; the odds of returns on shares held by Louis Tomasetta, President and CEO of Vitesse Semiconductor, were only one in 26 billion; and the odds of returns on shares held by Kobi Alexander, Chairman and CEO of Comverse Technology, were only one in 6 billion. The WSJ computed these odds using 1 See, e.g., the article by Pender (2006) in the San Francisco Chronicle.
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Other papers in this line of academic research include Aboody and Kasznik (2000) and Chauvin and Shenoy (2001) .
an unpublished methodology that it devised and implemented with the assistance of a statistician. (The methodology is described in the same article.)
The purpose of the present paper is threefold. First, we identify a flaw in the statistical test the WSJ applied to detect option backdating. Second, we describe an experiment we performed using Monte Carlo simulation, which shows that this flaw could distort the assessment of odds in practice. Finally, we develop an alternative statistical test that does not suffer from the same flaw. To summarize briefly, the flaw in the WSJ methodology is related to the fact that it is based on annual rankings of returns. The alternative test we propose, in contrast, is based on returns but not on return ranks.
The WSJ Calculations
The results reported by the WSJ were obtained by applying the following methodology.
3 For each trading day in which there was a stock option grant for a particular company, the WSJ computed the 20-day return on the underlying stock. 4 It then ranked the return on each grant date in relation to the 20-day returns on all other days in the same year. For example, if the 20-day return on a grant date was the highest in the year, its rank would be 1, if the 20-day return on a grant date was the second highest in the year, then the rank would be 2, and so on. Then, under the assumption that each day's rank was random, they computed the likelihood of observing a pattern of return ranks as extreme as the ranks observed for the grant dates.
To illustrate the WSJ methodology, we will describe the result cited above for Jeffrey Rich of Affiliated Computer Services (ACS). Of the six grants received by Mr. Rich from 1995 through 2002, the returns for two grant dates were ranked highest in their respective years, the returns for two grant dates were ranked second highest, the return for one grant date was ranked third highest, and the return for one grant date was ranked fourth highest (see Table 1 ). We will represent this (unordered) outcome as {1,1,2,2,3,4}. If there are 252 trading days in the year, then picking one day randomly in each of six years (assuming no ties) has 252
6 (approximately 256 trillion) different possible outcomes. We can then count how many of these outcomes are at least as extreme as the outcome for the six ACS option grants. There are 19 different unordered outcomes at least as extreme but each of these outcomes can have permutations with the same unordered ranking. For example, in an outcome consisting of five highest ranked days and one second highest ranked day, the second highest ranking day could have occurred in any one of six years. Table 2 lists the 19 different outcomes at least as extreme as the {1,1,2,2,3,4} outcome observed for the ACS grant dates. It also reports the number of equivalent ordered outcomes. The result is that only 864 of the roughly 250 trillion possible outcomes are as extreme as the outcomes associated with the ACS grant dates. This is equivalent to approximately one in 300 billion (= 256 trillion/864).
To summarize, the WSJ methodology is based on the likelihood of randomly selecting days on which the 20-day return ranked as high as the 20-day return observed for the stock option grants to company executives.
A Problem with the WSJ Calculations
A key assumption in the WSJ calculations is that the selection of stock option grant dates is independent of the annual ranking of the 20-day returns. Clearly a company's price history is known at the time stock options are granted. This means that the returns are known and could be taken into account in a decision as to when to grant options. However, these returns also enter into the calculation of annual rankings. If the rankings are affected by information that is used in selecting the grant date, then the assumption that the grant dates are a random sampling of the days of the year is invalid.
Is this a minor technical issue or could it be significant? To explore this question, we conducted a two-part experiment using Monte Carlo simulation. In the first part of our experiment, we drew a large number of one-year sample paths of daily stock prices under the assumption that the price follows a lognormal random walk, i.e.,
, where the Z i terms are drawn from a standard normal distribution and t Δ = 1 trading day = 252 1 year. To be specific, we assumed that μ=20%/year and σ=50%/year 1/2 . We then randomly selected a grant date for each sample path and computed the 20-day grant-date return. Finally, we repeated the simulation 100,000 times with the following result: The grant date had the highest ranked 20-day return in 385 of the 100,000 simulations. This is equal to 1 out of every 260 simulations, close to the predicted result of 1 out of every 252.
In the second step of our experiment we selected grant dates using an alternative rule: Offer the grant on the first day the price had dropped each of the prior ten days or, if that never occurred, on the last day of the year. After executing another 100,000 simulations (with the same random draws) using the alternative rule, we found that the grants were made on the highest ranked day 977 times out of 100,000. This is equal to 1 out of 102 days, about twice as often as predicted based on the assumption that the grant date was selected randomly. (Although the exact numbers change in each set of simulations, we consistently found that grant date selection using our simple strategy roughly doubled the chances of the grant occurring on the highest ranked days.)
If very simple strategies based on prior returns can double the likelihood of achieving highly ranked days, then strategies that company insiders can think of should be able to achieve even greater improvements in the likelihood of highly ranked grant dates. Therefore, a statistical test based on the assumption that the rankings of grant dates are independent of date selection cannot be trusted. For this reason, we conclude that the statistical test used for screening purposes by the WSJ is flawed.
An Alternative Test
The basis for the alternative statistical test we propose is the fact that, while annual rankings of returns may depend on past prices, the returns themselves should not. For example, in our simulations we found that the mean 20-day log-price return (defined as the difference in the natural logarithm of prices) following grant dates was almost identical for both the random and strategically selected grant dates: 1.65% for the randomly selected dates and 1.58% for the dates selected strategically. (The population return of 20%/year corresponds to 1.59% over 20 days and the standard deviation of estimates over 100,000 samples should be equal to .045%.) Therefore, a statistical test should be based on a comparison of returns around grant dates to typical returns, not on the annual rank of grant-date returns.
To follow up on this insight, we construct a T test for the difference in mean returns over grant dates and mean returns over typical trading days. We assume that the daily log-price returns for trading days in the period i=1,…,N+W can be modeled as independent and identically distributed random variables of the form
where the Z i are independent standard normal draws. In this case, the W-day log-price returns for trading days i=1,…,N can be written as 
Our null hypothesis is that the set of n option grant dates were selected in a way that did not depend on the returns following the grant dates. If that hypothesis is correct, then the mean Wday log-price return on the grant dates m n is an unbiased estimator of the population return μ Y . Suppose then that we observe that m n is much higher than the estimator m N computed using the full data set of N trading days. We would like to develop a statistical test to see if such an observed difference is solely due to chance.
A T test can be used to test the significance of a difference in means. However, it requires that the trading data being compared with the grant-date data satisfy certain conditions, namely, that the W-day returns for each sample of trading data used to estimate the population mean and variance be independent-independent of each other and independent of the returns on each grant date. This can be accomplished by parsing the full set of trading data into a mesh of M data points that are at least W days apart from each other and also from each grant date. (Since the data points are W-day mean returns, all data points less than W days apart will be correlated with each other.) We can calculate the mean and standard deviation of W-day returns over the mesh of parsed data points (m M and S M , respectively) and then perform a T test to see if an observation that m n is much greater than m M is statistically significant. The T test statistic will have M-1 degrees of freedom and be equal to ( )
is the standard deviation of W-day returns estimated using the parsed data set; and the sum over "nearby grants" is a sum over distinct pairs of grant dates that are within W days of each other.
The observation that returns are higher following grant dates than they are on other trading days corresponds to a high T test statistic. Whether or not the test statistic is higher than would likely result solely from random chance can be determined by reference to values of the one-tailed T distribution with M-1 degrees of freedom. If the likelihood of achieving the observed test statistic is less than a reasonable threshold, the default hypothesis that option grant dates are selected without foreknowledge of future prices will need to be rejected.
Comparison of Test Results
To compare our test with the WSJ test, we computed the odds of achieving the results the WSJ reported for ACS, Vitesse Semiconductor, and Comverse Technology (see Table 3 ). In each case we verified the result reported by the WSJ based on our understanding of their methodology and then applied the T test described herein. Since for 20-day returns there are 20 different parsed data sets that our method would allow for the test (depending on how many days from the first day in the period we start our mesh of points), all of the results we report are from the parsed data set with the highest odds of occurring. Grant date information was obtained from proxy statements filed by the companies. Stock prices were obtained from Bloomberg. The WSJ calculations addressed six CEO grants over the period 1995 to 2002 for ACS, nine CEO grants over the period 1994 to 2001 for Vitesse Semiconductor, and eight CEO grants over the period 1994 to 2001 for Comverse Technology. We used the same grants over the same time periods when we carried out the T tests shown in Table 3 .
Looking in detail at the ACS calculations, the mean 20-day log-price return we calculated for the six ACS grant dates was equal to 32.7% while the mean over all trading days in the period from 1995 to 2002 was only 2.2%. For the mesh of 88 independent data points starting on the 18 th trading date (1/19/95) we estimated that the mean and standard deviation of 20-day log-price returns were 1.4% and 11.0%, respectively, resulting in a test statistic of 6.736. Comparing to the T distribution with 87 degrees of freedom, we find that the likelihood of a test statistic this large or greater is only about 1 in 1.2 billion-roughly a factor of 250 greater than the likelihood computed by the WSJ.
Although the T tests for all three companies show much lower odds than the numbers estimated by the WSJ, we too find that it is highly unlikely that the grant dates were chosen without information about subsequent price changes. In all three cases, that hypothesis can be rejected with 99.99% confidence. 5 The main reason that the T test gives odds so much lower than those reported by the WSJ is the limited number of grant dates. For example, in the case of Vitesse Semiconductor, the mean 20-day log-price return on grant dates is 36% and the standard deviation (computed over the mesh starting on the first day of the period) is 23%; for nine grant dates this gives a standard error of almost 8%. Hence, the sample mean is less than five standard errors large and, after taking into account the estimated population mean (over the mesh) and the limited number of mesh data points (83), the test statistic is equal to only 4.36. It is a testament to the size of the effect that, with so few data points, the null hypothesis can be excluded with such a high degree of confidence.
Conclusions
The conclusions of our T test did not differ from the conclusions of the WSJ test for the three cases we compared. Had these cases been less extreme, however, the two tests could have led to different conclusions. Furthermore, unlike the WSJ test, our test is not subject to the objection that it depends on how the company made its grant date decision. The critical point is that the returns following grant dates should not be significantly higher than returns following comparable non-grant trading days. Our test makes this comparison in a statistically sound manner, yet it can be carried out easily using publicly available data.
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Rejecting a hypothesis at the 99.99% confidence level implies that the likelihood of the hypothesis being true is less than or equal to 0.01% which corresponds to odds of less than 1 in 10,000. 
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